Introduction
Hemangioblastoma (HB) is a rare, slow-growing and lowgrade vascular tumor which accounts for 1 to 2.5% of intracranial tumors and 4% of spinal cord tumors. HB is typically located in the posterior fossa vascular origin tumor, comprising of 7 to 10% of all posterior fossa tumors.
1,2 There have been previous reports on uncommon locations of HB, such as the cerebellopontine angle (CPA) cistern, sella turcica, and supratentorial brain parenchyma. [3] [4] [5] [6] These unusual presentations of HB engenders a diagnostic challenge to distinguish it from far more common tumors, such as vestibular schwannoma and meningioma. 1, 7 However, HB primarily involving the cavernous sinus that caused denervation atrophy of the masticator space muscles has not been described in previous literatures. In this case report, we present an unusual case of sporadic HB centered within the cavernous sinus and Meckel's cave with hemorrhagic extension to the CPA cistern, causing III, V, and VIII cranial neuropathies with associated denervation atrophy of the masticator muscles.
Case
A 73-year-old male with history of hypothyroidism and Asperger's syndrome presented to an outside hospital for evaluation of erratic driving. Admission noncontrast head computed tomography (CT) exam demonstrated a 5 Â 3 cm extra-axial
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Abstract
Objectives To describe an extremely rare case of sporadic hemangioblastoma (HB) within the cavernous sinus and Meckel's cave with extension to the cerebellopontine angle (CPA) cistern. Methods A 73-year-old male presented with hearing loss, unilateral ptosis, and facial numbness.
Results The imaging showed a complex cystic-solid mass centered at the left cavernous sinus and Meckel's cave with extension to the CPA cistern. Patient underwent retrosigmoid craniectomy for partial resection of the CPA angle component of the mass. Surgical pathology confirmed the diagnosis of HB and patient was scheduled for subsequent radiotherapy of the residual mass. Conclusions We present an exceptional case of supratentorial HB without associated von Hippel-Lindau (VHL) disease, which was predominantly located in the cavernous sinus and Meckel's cave and led to multiple cranial nerve symptoms. We describe imaging characteristics and radiologic-pathologic correlation of this atypically located HB, which can be difficult to consider in the differential diagnosis presurgically.
mass with heterogeneous hypodensity located in the left cavernous sinus and the CPA cistern, significantly compressing the ipsilateral pons (►Fig. 1). Subsequent magnetic resonance imaging (MRI; ►Fig. 1) revealed a solid and cystic mass centered at the cavernous sinus and Meckel's cave with a bulky hemorrhagic extension to the CPA cistern. MRI signal characteristics of the main mass were isointensity on T1-weighted images and heterogeneous isointensity solid component with multilocular small cysts containing hemorrhagic layering on T2-weighted images, as well as avid enhancement on contrastenhanced T1-weighed scans. Signal of diffusion-weighted sequence imaging was lower than the brain parenchyma with apparent diffusion coefficient (ADC) value of 1,300 AE 643 (Â 10 À6 mm 2 /s). The mass incompletely encased and medially displaced the cavernous portion of the left internal carotid artery. The mass exhibited inferolateral extension into the ipsilateral foramen ovale and a nodular projection to the vicinity of the optic tract superiorly. Typical imaging characteristics of HB, such as a mural nodule within CSF signal cyst and serpentine flow voids were absent. In addition, there was a dural tail extension into the superior porus acusticus as well as ipsilateral tentorial margin (not shown in the figures). As sequelae of mandibular division of the trigeminal nerve (V3) involvement by the tumor, chronic denervation atrophy of the medial and lateral pterygoid, masseter and temporalis muscles, and atrophy of the parotid gland were evident on the left side (►Fig. 2A). Additionally, the fundus of the right internal auditory canal demonstrated a nodular mass with signal characteristics similar with the left cavernous sinus mass measuring 8 mm in length (not shown in the figures). Differential diagnostic consideration included a solitary fibrous tumor (hemangioperycytoma), atypical meningioma, trigeminal schwannoma, cavernous hemangioma, and metastatic tumor.
On admission at our institution, physical exam was significant for decreased hearing predominatntly on the right and decreased sensation to touch in the territory of the ophthalmic (V1) and maxillary (V2) divisions of the left trigeminal nerve. Left ptosis was noted which was present for an undetermined period of time. The patient had a chronic history of slow and circumlocutory speech. Electroencephalography was performed due to concern for partial seizure and demonstrated sharp and spike-wave discharges consistent with left temporal onset epilepsy. The patient was started on medication for seizure prophylaxis. Laboratory tests were within the normal limits without polycythemia in particular. Given the mass effect in the posterior fossa, the patient underwent a left retrosigmoid craniotomy for resection of the left CPA component of the mass, both to provide a diagnosis and decompress the brainstem mass effect. At the time of surgery, a cystic lesion with a thick capsule and solid and moderately vascular component adhering the trigeminal nerve was encountered and removed in piecemeal fashion; the gross appearance was not typical for usual parenchymal HBs encountered in the posterior fossa which are often recognizable by their orange hue and extreme vascularity precluding piecemeal resection. Postoperative MRI demonstrated complete resection of the predominantly hemorrhagic portion of the tumor in the left prepontine cistern and CPA, with persistent tumor bulk residing in the left cavernous sinus and Meckel's cave. Pathologic study of the surgical specimen (►Fig. 3) showed a cystic-solid lesion containing mural nodules which was an admixture of vascular structures and stromal proliferation. The stromal proliferation was positive for vimentin, carbonic anhydrase IX, and focally positive for inhibin. The vascular structures were highlighted by CD31. The findings were compatible with a final diagnosis of grade 1 hemangioblastoma.
One-month follow-up at neurosurgery clinic showed baseline left sided hearing difficulties and left trigeminal nerve paresthesia which was slowly improving. There was no significant change in the mild baseline ptosis and no new Hemangioblastoma of the Cavernous Sinus Valeshabad et al. e99
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neurological deficits. Three-month postoperative MRI showed slightly increased size of the residual mass with increased multilocular cystic component and newly visualized multiple flow voids of enlarged feeding vessels (►Fig. 2B). The mass in the right internal auditory canal, presumed to be a synchronous vestibular schwannoma versus second HB, was persistently identified without gross interval change. The patient was scheduled for subsequent radiotherapy of the residual cavernous sinus mass to prevent future growth.
Discussion
HBs usually involve young-to-middle-aged adults, with a male predilection and a male-female ratio of 1.3-2.1:1. They either develop sporadically, approximately 75% of cases, or in association with VHL disease, with 60 to 85% of these patients having HB. Due to their slow growth, patients remain asymptomatic for a long time and symptoms manifest depending on tumor size. Patients most commonly present with headache, followed by symptoms of raised intracranial pressure, cerebellar dysfunction, and altered mental status. In 20% of cases, polycythemia can be seen due to overproduction of erythropoietin. 1,2 The patient in this study presented with cranial neuropathies affecting cranial nerves III, V, and VIII due to the location of the mass. Patients with CPA HB, similarly to other CPA tumors, often present with unilateral inner ear symptoms including hearing loss, tinnitus, vertigo, balance issues, and facial paresthesia which make it challenging to distinguish this tumor type based on clinical symptomatology. The most common imaging presentation of HB is an intraaxial mass with cyst and enhancing mural nodule in the vicinity of the pial surface of the posterior fossa structure.
8 While 50 to 60% of HBs are cystic with a mural nodule, 40% are solid at presentation. Unenhanced CT typically demonstrates a lowdensity cyst which is isodense to the hyperdense nodule without calcification.
1 On contrast-enhanced CT, the nodule enhances uniformly without enhancement of the cyst wall. CT angiogram may show arterial feeders of the lesion. Basic MRI characteristics include the cystic component of the tumor as usually T1 hypointense and T2 hyperintense similar to cerebrospinal fluid. 1 The nodule is usually isointense on both T1 and T2 and enhances strongly after contrast. However, low signal of diffusion weighted imaging (DWI) with increased ADC of the solid components in HBs is not commonly observed. Furthermore, the vascularity of HB can be recognized with flow voids of dilated feeding arteries on MRI and prolonged tumor blush on angiography. 6, 7 In our case, the mass was found in an uncustomary location of the cavernous sinus and Meckel's cave with extension to the ipsilateral CPA cistern leading to denervation atrophy of the muscles in the masticator space secondary to damage of the third (mandibular) branch of the CN V (cranial nerve). In addition, left sided neuropathies of CN III, and first, and second branches (V1 and V2) of V were found on physical examination in our patient which were well correlated with CN anatomy and imaging localization of the tumor. HBs can be macroscopically divided into solid and more common cystic subtypes. Gross appearance is an orange-red, well-circumscribed, nonencapsulated, and highly vascular mass that abuts the leptomeninges.
1 It may be associated with a cyst that contains a yellow-brown fluid. Histologically, HBs can be divided into cellular and reticular subtypes. The atypical gross appearance in this case may reflect degeneration of the CPA component of the tumor resulting in a hemorrhagic cyst with a thick capsule. The cellular characteristics of HB are foamy stromal cells clustered in sheets about tangles of capillaries whereas the cells are distributed evenly around a density of capillaries in the reticular subtype. These neoplastic cells stain positively for inhibin A, GLUT-1, vimentin, and S100, in addition to overexpressing the vascular endothelial growth factor (VEGF) protein. 9 The surgical specimen, in this study, demonstrated a highly vascular cystic-solid lesion which was positive for vimentin, carbonic anhydrase IX, inhibin, and CD31, most compatible with HB. HBs are usually treated using en bloc surgical resection as piecemeal can result in catastrophic hemorrhage. In addition, tumor size, location, and vascularity seen on presurgical imaging are important factors to assess the need for adjuvant therapy, such as preoperative embolization. 13 Small tumors which are stable and asymptomatic can be managed expectantly. For patients with VHL, it is recommended to screen the entire CNS (central nervous system) for HBs. Two-third of those with a single VHL-associated HB will develop additional lesions at an average of one lesion every 2 years. 10 The patient in this study was scheduled for subsequent radiotherapy the initial resection. The 10 year survival rate for surgical treatment of HBs has been reported up to 85% with a recurrence rate of 15 to 20%.
14 In summary, a rare sporadic supratentorial HB involving the cavernous sinus and Meckel's cave with extension to the CPA cistern is reported here which has not been described in the previous literature to our knowledge. Presurgical imaging diagnosis of the intracranial tumor, especially involving skull base, is an important part of care to adequately assist surgical planning and establish the follow-up treatment strategy. However, HB in odd locations can be diagnostically challenging, which may lead to misinterpretation of MRI findings, and potentially preclude optimal surgical planning. Therefore, imaging diagnosticians should be aware of unusual manifestation of sporadic HB that mimics other common extra-axial tumors.
